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Material - Adhesives - Metlbond 4021 (Narmco
‘Resins and Coatings Co.)

Effect of Aluminum Alloys on Bond Strength

\ Abstract:

The differences betveen the surfaces of clad 2024-T3, clad 2024-T86 and
bare 7O75-T6 aluminum alloys caused by variations in heat treatment or
alloy composition with respect to adhesive bond strength were observed
by means of tests made with surfaces which were primed with Metlbond
4021 primer and joined with AT 10

Gev) adhesive tape. ,The results of tensile shear tests at -57°F., room
temperature and 300°F., and peel tests at room temperature showed that'
no significant effect upon adhesive bond strengths occurred from the
surface differences indicated.

Reference: Barringer, H. R., Picoste, G. L., Keller, E. E., "Effecta
of Crystalline Structure™Qf Aluminum Alloy Sheets, As’
Determined by X-Ray Diffradtion, Upon Adhesive Bond
Btrength," General Dynamics/Sonvair Report MP 57-383,
.San Diego, California, 23 Octdker 1958, (Reference attached).
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INTRODUCTION:

-—

One of the many variables suspected of contributing to dispersed adhesive

bond strengths is the difference in crystalline structures of various aluminum
alloys. The differences between varicus alloys is known, but no evidence
indicated a corresponding correlation with adhesive bond strength (Report 9727).
Likewise, no information was available concerning possible significant effects
of variations in different sheets of the same alloy.

The exact nature of adhesion is not known at the present time. Consequently,
it is necessary to investigate various aspects of the problem employing estab-
lished bond strengths as criteria for significant variations. Standard tensile
shear and peel tests are ordinarily used for this purpose. For the present
tests, x-ray diffraction and microphotography were utilized in an attempt to
discover variations in the structures of the alloys used for bonding. Consider-
able preliminary work was necessary to establish standard diffraction patterns.

This report discusses only the portions of tests conducted in the Plastics

and Adhesives Laboratories, designed to discover possible variations in adhesive
bond stirengths on various alloys, and on different sheets of the same alloys.
Results of x-ray diffraction tests will be reported as sy addendum to this,
report.

QBJECT:

1) To determine the effects of different aluminum alloys upon the strength of
metal-to~metal bonds made with Metlbond 4021 adhesive,

2) To determine the effects of various sheets of the same alloys on the strength
of the 4021 system,

3) To investigate the use of Promat Proseal #1( conversion coating for compari-
son with the standard aluminum cleanin: procedures employed for these tests,

QUNCLUS IONS
Test results indicate that:

1) There is no significant difference in the bond strengths of Metlbond 4021
on 2024-T3 Clad, 2024~T86 Clad, or 7075~T6 Bare Aluminum Alloys.

2) There is no significant difference in 4021 bonds on various sheets of the
aforementioned alloys.,

3) Promat Proseal #16 is unreliable as an aluminun surface preparation for
bonding with Metlbond 4021. liowever, results of tests with Scotch-Weld
AF 10 wers more satisfactory.
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TEST SPECIMENS

Three sheets of .020" gauge, and three sheets of 064" gauge each, of 2024

T3 clad, 2024-T86, and 7075-T6 bare aluminum alloys were requisitioned from
stock, and protected from seratches with a gurmed paper coating. The different
sheets were marked, and random samples cut from each for x-ray diffraction

and photomicrograph tests. Sufficient material from each sheet was then sheared
and machined for adhesive tests. Peel specimens, measuring 1" x 9%, were
obtained from the 020" stock. Tensile shear panels, measuring 4" x 9" were
cut from the 064" material. The protective coating on specimens was not re-
moved until cleaning and bonding was begun, in order to protect faying surfaces
from scratches,

Tensile shear specimens were made by bonding two 4" x 9" x 064" panels length-
wise with a 1/2" overlap. Individual specimens measuring 1" x 7.5" were sub-

sequently sawed from the bonded panels. Peel apecimens were made by bonding
two 1" x 9" x,020" strips together flatwise.

Prior to bonding, specimens were vapor degreased in stabilized trichloroethylene.
Samples used for alloy comparison tests were clsaned in a sodium dichromate-
sulfuric acid solution (FPL Cleaner) composed of 10 parts H2§9‘ » 30 parts £,

4 parts Naz'lrzo,l.z};zj as followst

8. Pre-heat alloys in a distilled water bath for 10 minutes at 150°£5°F.
b, Clean in FPL Cleaner for 5 minutes at 1509:2°F,
¢, Rinse in distilled hzj at room temperature,
de Dry for 30 minutes at 150°t5°F.
Specimens coated with Promat Proseal # 16 were treated as follows:

a. Pre-heat 2024~T3 Clad alloy in distilled water [or 10 mimtes at
90°22°F,

b. Treat specimens for 1 minute at 90°:2°F. in Proseal #16 (Solution of
1 1/2% Proseal 16 AD and 3/4% Proseal 16 BH by volums).
¢. Rinse in distilled water at room temperature.

d. Dry for 30 minutes at 150°%5°F, (Exceptions or additions to the fore-
going procedure will ve noted in Table IV),

Imnediately after drying, specimens were sprayed with a single coat of Metlbond
4021 prime, or EC 1290 prime (for Proseal tests with AF10 tape).

All specimens made with the 4021 system were cleaned, prired and baked in one
eight=hour period to reduce variables associated with these processes,

Primed specimens were allowed to air dry at ambient t.omg;ir:turu for 15 wminutes,
and were subsequently baked at 250°F. for 30 minutes. ed panels vere

rO0M 1018 -4
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IEST SPECIMENS (Continued)
wrapped in Kraft paper for storage before bonding.

The Metlbond 4021 and Scotchweld AF10 adhesives employed for these tests

were selected from single rolls of tape. Before bonding, a sufficient

quantity of tape was desiccated with ealcium chloride in a vacuum for 24 hours
in order to remove absorbed moisture. Immediately prior to bonding, tape was
sandwiched between faying surfaces, Assembled panels were cured for 1 hour

at 350°F., with 100 psi.pressure in electrically-heated hydraulic platen presses.
Two sheets of 1/4" silicone rubber were placed on either side of the gpiire
panels to ensure even pressure over the bond areas,.

After bonding, tensile shear specimens were selected randomly for =67°F, room
temperature and 300°F, tests, respectively. Peel specimens were tested at
+35°F. in a mixture of isopropyl alcohol and dry ice. Tensile shear tests
were conducted in a Baldwin-Southwark hydraulic Universal Testing Machine.
The -67°F, and 300°F, tests were conducted in an ice box and oven adapted to
the testing machine, Specimens were exposed to the test temperatures for ten
minutes prior to loading.

BRSULIS

. Y

Results of tensile shear and peel tests with 4021 tape on various alloys, and
different sheets of the same alloys, are shown in Table I - III. Tests con-
ducted with Promate Proseal #16 are described in Table IV,

S F_RESULTS 4 ONC 0

Mean values obtained in the alloy comparison tests are unusually consistent.
Statistical tests for significance were not conducted, since the standard
deviation appeared by inspection to be approximately the same as, or larger
than, the difference between means. The consistency of results may be due to
very careful control of the bonding procedures, cleaning, favorable atmrospheric
conditions, or any combination of the above. In any event, the similarity of
obtained mean values, plus past experience, indicates that little consistent
variation may be expected from the different aluminur alloys ordinarily used
for adhesive bonding. This generalization would, however, not necessarily
hold true for alloys heat treated at Convair, for instance.

Tests of Promate Proseal#lé were not entirely unsatisfactory. However, it
should be noted that increased exposure time in solution results in decreased
peel strength. In view of normal shop practice, it would appear that the
presently employed conversion coatings are more flexible in this regard.
Because of generally unreliable results, the Proseal investigation was dis-
continued early in the test program. '
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TABLE I
EFFECTS OF DIVFERENT ALLOYS UPON BOND STRENGTH-METL3OND 4021 ADLESIVE
| ‘
| 2024-T-86 Clad Al Allcy
Sample #1
-€7°F T.8, Room Temp 7,5, 300°F 7.5, 35°F Peel
3120 psi 4960 pai 1520 pei 102 lbs/"/w
2920 4760 1700 . 102
2900 4920 1500 113
4200 4480 1530 102
2860 4790 1540 100
2900 4600 1520 104
4320 4830 1410 101
2860 4740 14290 101
5200 . 4760 1700 122
4300 4850 1417 193 ‘
2500 4910 1500 Avg. 102 i
2550 4400 1€20 j
2570 4660 18¢0 ?
2530 4800 1789 !
29592 L7170 1420 j
2750 4870 15€0 ]
Avg. 3208 Ave. 4760 Ave. 15€0 ’
Sancle # 2
-€7°F Room Temp 300°F 35°F Peel
4220 pei 4550 pai 1640 psi 100 1ts/"/w
[ 1870 L7090 1750 192
‘ 2780 4640 1499 193
3970 4440 12280 100 d
2750 4850 1830 101
4760 4750 1610 99
2550 LT40 1470 190 ;
3440 3900 1500 105 'g
31N 4640 1489 101 :
3120 4960 1440 102
3890 5210 1640 Avg. 101.3
3400 5039 1650 J
2370 4840 1470 :
3500 4620 1632
3250 L7€0 1429
3300 4800 U1
Avg. 2210 Ave. 4710 AYE. 1540
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TABLE I (CONT)
2024, T-86 Clad Al Alloy (Cont'd)
Sample #3

-67°F T.S. _ Room Temp T.S. 300°F T.S. 35°F Peel

2090 pei 4900 pei 1460 pei 191 1bs/"/w

3520 4600 1450 102

5260 5040 1480 100

4280 4950 1550 101

2480 5170 1420 101

4620 4740 1640 102

4400 4960 1490 100

4280 4700 1460 103

2280 "~ 5040 1500 104

2820 3760 1460 101

3920 4620 1620 Avg.101.5

3250 4800 1840

2200 5000 1280

2750 4820 1400

2600 4840 1750

2700 4700 1640

Ave. 3340 Avg. 4790 Avg.15%0

PORN $9-A
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TABLE II
EFFECTS OF DIFFERENT ALLOYS UPON BOND STRENGTHMMETLBOND -4021 AD:ESIVE
2024 T-3 Clad Al Alloy
Sample #1
-67°F 1.8, Room TempT.S. 300°F T.S. 35°F Peel
28,0 pei 4450 ped 1320 ped 172 lbs/"/w
2760 4950 1300 102
3160 4600 1480 104
3620 4850 1580 100
2000 4950 1220 98
3820 4900 1360 193
4260 5000 1500 101
3940 4400 : 1760 101
3660 4930 1420 100
2760 4600 1620 105
3120 5060 1480 Avg.101.6
2580 4950 1640
3000 4500 1640
3020 4950 1450
2920 4650 1460
3380 5040 1420
Avg, 3180 Avg. 4800 Avg. 14E0
3armple #2
-¢7°F Room Temp 300°F 35°F Peel
2060 pei 5000 pei 1490 pei 100 1bs/"/w
1820 4950 1350 101
2720 4600 1520 101
31€0 4700 1360 102
2800 4500 1250 120
3220 5050 1640 100
3280 4650 1310 100
2940 49€0 1640 100
4320 4€70 1800 192
2340 4800 1749 100
2920 4550 1240 Avg. 100.6
32,0 5040 1230
4660 £180 1720
3720 4400 1560
3490 502" 1240
3420 4820 1520
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TABLE II (CONT)
202, T-3 Clad Al Alloy (Oéut'd)
Sample #3
'67°F T.s. ROG Temp Tos. 300°F TQSO 35°F Peel
3600 pei 4750 pei 1460 ped 102 1bs/"/w
3300 4320 1380 103
3180 4830 1540 101
2720 4440 1660 100
3040 5060 1300 175 -
2520 5090 1260 103
3000 4260 1560 99
1950 4900 1500 102
3300 4910 1420 102
3000 4700 1540 100
2700 4960 1780 Avg 101.8
3000 5100 1380
3020 4,600 1430
3320 4620 1440
3100 4500 1580
4840 1560
Avg 3020 Ayg 4740 Avg 1420
é PORN 1084
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TABLE III
EFFECTS OF DIFFERENT ALLOYS UPON BOND STRENGTH-METL3OND 4021 AD: JESIVE
1075 T=6 Bare AllMlloy
3ample #1
-t7°F T, S, Room Temp T. S. 300°F T, S. 35°F Peel
2920 psi L760 pei 1460 pei 102 1bs/"/w
4200 L4ED 1380 102
2900 4600 1680 101
2860 4740 1620 100
| 4300 4850 1360 100
2550 4400 1260 103
2530 4800 1660 102
4220 4870 15920 102
3000 4700 1540 102
2750 4440 1530 101
4350 4750 1500 Av-g 102.5
3440 3930 1700
3120 4960 1520
3400 5030 1420
3500 4820 1410
3320 4800 1500
Avg 3340 Avg 4680 Avg 1500
Sample #2
-¢7°F T. 3, Roon Tenp T. S. 300°F T, S. 35°F Peel
3520 psi 4620 psd 1580 pei 103 1lbs/"/w
4280 4950 14€0 101
3620 5170 1720 o8
4220 4750 1840 101
2820 4960 1220 102
3250 4950 1420 103
2300 4850 1840 101
2600 4900 1500 101
3750 4400 1560 103
276 1950 %80 re
p 1 .
3160 4500 1860 .2
3820 4650 1€20
3660 5300 1500
3120 4600 1410
‘ 2580 4500 1700
i Avg 2220 Avg 410 Avg 1290
|
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TABLE III (CONT)
7075 T-6 Bare Alloy (Cont'd)
Sample #3

-67°F T. 3. Room Temp T, S. 300°F T, S. 35°F Pael
2720 ped 4960 pet 1520 pes 101 1lbs/"/w
3160 4310 1240 102
2800 5040 1520 101
3220 5020 1750 103
3280 4750 1640 102
2940 4830 1310 100
4320 - 4430 1740 9%
2340 5060 140 9
2920 4260 1260 105
32,0 4910 1560 102
4310 4960 1500 Ayg 101.3
3720 4600 1420
3400 4900 1520
3600 4840 1780
3380 4750 1430
3189 4620 1440

Avg 3280 Ayg LI Avg 1500
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TABLE IV
TESTS OF PROMAT PROSEAL # 16-ROOM TWERATURE PEEL STRENGTH (Lbs./In.)

A, Processed per manufacturer's instrugtions
Cleaned in Oakite 631\ 30 Min, 6 180" F,
Proseal 6 Min, @ 90°F.

METLBOND 4021 SCOTCHWELD AF10
1. 18 1bs/MWidth : 53 1be/*Width
2, 16 50
3. 15 52
4. 15 51
5. 15 50

B, Same as (A) except time in Proseal varied.

METLBOND 4021 SCOTCHWELD AF10
1 Minute
1. 60 lbs/inch Width 58 1lbs/Inch Width
2, 59 60
3. €@ 57
2 Minutes
1. 53 58
2. 50 53
3. 52 52
! 4 Minutes
| 1. 49 56
2. 47 55
3. 47 51
6 Minutes
1. 18 55
2, 16 52
3. 18 54

: ‘ PORN 1018-A
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TABLE IV (CONT.)

C. Oakite #34 added to system.

Oakite 61A
Oakite 34~15 Min., @ room temperature.
Proseal (Immersion time varied).

Metlbond 4021
1.Minute

1. 54 1lba/Ineh Width
2, 53
3. 54

2 Mimtes

l. 45
2. 43
3. 41

4 Minutes
1. 35
2. 28
3., 20
6 Minutes
1. 18

2, 18
3. 17
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